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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a low threshold voltage in both an 
nMOSFET and a pMOSFET of an ultrathin CMOS transistor, using a metal gate 
electrode structure. 

SOLUTION: In a semiconductor device formed with a CMOSFET, having metal 
gate electrodes 12, a metal film of the value of a work function of 4.2 to 5.0 eV is 
used in the parts, which are positioned on the sides of at least gate insulating 
films of the electrodes 12, and an nMOSFET and a pMOSFET of a CMOSFET 
are both formed into a constitution, where their short-channel transistors have a 
channel profile, which is constituted into a surface channel structure, and their 
long-channel transistors have a channel profile which is constituted into an 
embedded channel structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The source field, channel field, and drain field of the insulated-gate 
mold electric field effect mold transistor formed in the semi-conductor layer, It is 
formed on the gate dielectric film formed on said channel field, and said gate 
dielectric film. If few It comes to form the insulated-gate mold electric field effect 
mold transistor of the n channel mold which possesses the metal gate electrode 
with which the metal which has the value of a work function near the band gap of 
silicon was used for the ** gate-dielectric-film side, respectively, and the 
insulated-gate mold electric field effect mold transistor of a p channel mold. The 
insulated-gate mold electric field effect mold transistor of said n channel mold 
and a p channel mold The 1st transistor of channel length shorter than 



predetermined channel length has a channel profile used as surface channel 
structure. The 2nd transistor of the 2nd channel length longer than the channel 
length of said 1st transistor is a semiconductor device characterized by having a 
channel profile used as embedding channel structure. 
[Claim 2] It is the semiconductor device according to claim 1 which said 1st 
transistor is the thing of the short channel which is near whose channel length is 
lower limit extent of a design rule, and is characterized by said 2nd transistor 
being the thing of a long channel. 

[Claim 3] It is the semiconductor device according to claim 1 or 2 characterized 
by the value of the work function of the metal by the side of gate dielectric film at 
least being [ of said metal gate electrode ] 4.2eV - 5.0eV. 
[Claim 4] Said metal gate electrode is a semiconductor device according to claim 
1 characterized by being formed or formed as a laminated structure of this simple 
substance metal and refractory metal with titanium and any one simple 
substance metal of the tantalum. 

[Claim 5] The process which forms dummy gate dielectric film and the dummy 
gate on a semi-conductor layer with the impurity of the 1st conductivity type and 
the 2nd conductivity type, and forms a side-attachment-wall insulator layer in the 
side face of said dummy gate, The process at which the formation process order 
of said side-attachment-wall insulator layer or before form only in behind the 
impurity range which turns into the source of an MOS transistor, and a drain field 
at the surface section of said semi-conductor layer, Then, the process at which 
the interlayer insulation film of a silicon oxidation membrane system is deposited 
on the whole surface on the semi-conductor layer containing said dummy gate 
and a side-attachment-wall insulator layer, and said dummy gate is exposed by 
chemical polish, The process which removes said exposed dummy gate, forms 
the 1st slot for gate formation of said 1st transistor, and the 2nd slot for gate 
formation of said 2nd transistor, and introduces a channel impurity into said semi- 
conductor layer of the lower part, Said dummy gate dummy gate dielectric film is 
removed before the process which introduces said channel impurity, or to the 



back. Into the substrate part which possesses the process which forms gate 
dielectric film after the process which introduces said channel impurity, and forms 
the metal gate further, and has the 1st conductivity type The ion implantation of 
the impurity of the same conductivity type as the 1st impurity is carried out to a 
substrate through said the 1st slot and 2nd slot from the include angle near it 
from a direction vertical to a substrate. The ion implantation of the ion kind of the 
1st impurity and a reverse conductivity type is carried out to a substrate through 
the 2nd slot from the include angle of the direction of slant so that a substrate 
may not be reached, if it lets said 1st slot pass. The ion implantation of the 2nd 
impurity and the impurity of the same conductivity type is carried out to a 
substrate through said the 1st slot and 2nd slot at a substrate part with the 2nd 
conductivity type from the include angle near it from a direction vertical to a 
substrate. The manufacture approach of the semiconductor device characterized 
by carrying out the ion implantation of the ion kind of the 2nd impurity and a 
reverse conductivity type to a substrate through the 2nd slot from the include 
angle of the direction of slant so that a substrate may not be reached, if it lets 
said 1st slot pass. 

[Claim 6] It is the manufacture approach of the semiconductor device according 
to claim 5 characterized by for said 1st transistor being the thing of the short 
channel which is near whose channel length is lower limit extent of a design rule, 
and said 2nd transistor being the thing of a long channel. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the channel structure of attaining 
high performance-ization of the field-effect transistor (Metal Insulator 
Semiconductor Field Effect Transistor;MISFET) using the metal gate electrode 
and gate dielectric film which are applied to a semiconductor device and its 
manufacture approach, especially are formed in semiconductor integrated circuit 
equipment, and its production process. 
[0002] 

[Description of the Prior Art] As a semiconductor device using MISFET, storage, 
such as the dynamic mold RAM formed on Si substrate and the static mold RAM, 
the arithmetic unit using the logical circuit of a CMOS (Complementary Metal 
Oxide Semiconductor; complementarity insulated gate) configuration, etc. are 
mentioned. 

[0003] It is important to control the so-called short channel effect of MOSFET as 
detailed-ization of MOSFET which is the component of these equipments is 
progressing for improvement in current and an accumulation consistency, or the 
improvement in the engine performance and a generation progresses. 
[0004] The approach of controlling the short channel effect of MOSFET is partly 
proposed according to the so-called scaling law, and the technique of thin-film- 
izing the Gaea ******** to one of them is mentioned. 

[0005] Control of the depletion layer formed into Si substrate becomes easy, so 
that gate dielectric film is thin, when an electrical potential difference is 
impressed to a gate electrode, and this technique means that a short channel 
effect can be controlled. 



[0006] However, if the electric field relatively built over a GE 1 TO electrode side 
by thin film-ization of gate dielectric film become strong when carrier 
concentration sufficient in the gate electrode using the polish recon which doped 
the impurity is not obtained, the phenomenon (depletion-izing of a GE 1 TO 
electrode) in which a depletion layer is formed also into a gate electrode will be 
seen. Especially, in n channel MOS FET (nMOSFET) of microscopic **, the effect 
of depletion-izing of the above-mentioned gate electrode becomes remarkable. 
[0007] In order that - ** of the cause by which the effect of depletion-izing of the 
gate electrode of Above nMOSFET becomes remarkable may control parasitism 
resistance of a gate electrode to the thin line structure of a detailed GE 1 TO 
electrode, it is mentioned that the Salicide structure is adopted. 
[0008] That is, in order to realize Salicide structure, when the Salicide process is 
adopted, the ion implantation of the As (arsenic) is simultaneously carried out to 
a source drain field and a gate field, and it is n+. Doping is performed. In this 
case, since the diffusion coefficient of As in a gate electrode is small, compared 
with the case where P (Lynn) is used as a dopant, even if it passes like the same 
heat process, the high impurity concentration by the side of Si substrate of a gate 
electrode falls, it becomes easy to cause depletion-ization of a gate electrode, 
effectual gate-dielectric-film thickness becomes large, and the fault that current 
driving force decreases actualizes. 

[0009] On the other hand, by [ which embed and changes into surface channel 
structure from channel structure ] having been used conventionally, to control a 
short channel effect is tried and the polish recon which doped B (boron) as a gate 
electrode by previous pMOSFET from submicron - 0.25-micrometer generation is 
used as ****** of a component progresses to p channel MOS FET (pMOSFET). 
[0010] However, along with thin-film-izing of gate dielectric film, some problems 
are produced also with the surface channel mold pMOSFET which used B for the 
impurity of a gate electrode. For example, it is that the carrier concentration in a 
gate electrode becomes small, and it becomes impossible that B runs from a 
gate field to a channel field through a thin film GE 1 TO insulator layer, to 



disregard the effect of depletion-izing of a gate electrode too, etc. since the solid- 
solution limit of B is small compared with P used by the Gaea ****** of the 
embedding channel mold pMOSFET. 

[001 1] Moreover, in a detailed gate electrode, reduction of some parasitic effects 
is needed so that degradation of gate propagation delay time may not be caused, 
the - it is required that it should carry out suddenly and sheet resistance on a 
gate electrode should be made small. 

[0012] It is 0.1, although, as for current, the Salicide structure etc. is used in 
order to attain reduction-ization of gate resistance. When it becomes a mum 
generation component, reduction-izing of gate resistance becomes necessarily 
enough [ the sheet resistance by which current implementation is carried out ] as 
less. 

[0013] Moreover, in the Salicide technique, since the thin line effectiveness that 
buildup of sheet resistance was caused also existed as gate length became short, 
development of the structure where the further low resistance-ization of a gate 
electrode is attained was desired. 

[0014] By these technical backgrounds, gate length is 0.1. In the generation after 
mum nMOSFET and pMOSFET which constitute CMOSFET set the reduction in 
resistance of a detailed gate electrode, and an improvement of the rate of the 
formation of gate depletion as the main objects. As a gate electrode, it is not the 
polish recon which doped the impurity. A metal The technique to be used is 
beginning (for example) to be studied. [ ] A. Chatterjee et al. "Sub-100nm Gate 
Length Metal Gate NMOS Transistors Fabricated by a Replacement Gate 
PROCESS", 1997 IEEE, IEDM Tech.Dig.P.821. 

[0015] This technique becomes advantageous also at the point which the 
phenomenon through which B runs from a gate field to a channel field through a 
thin film GE 1 TO insulator layer in pMOSFET does not produce. 
[0016] In addition, historically, although the metal gate electrode was used in 
early stages of the MIS mold semiconductor device, since a metal gate electrode 
cannot take adjustment with an elevated-temperature process, recently, it is no 



longer used. 

[0017] By the way, if it is going to form the structure of the metal gate electrode 
which is beginning to attract attention again, giving the conventional manufacture 
process and the consistency of LSI as described above, it is appropriate to use 
W with the comparatively high melting point (tungsten), TiN (titanium night 
RAIDO), Ta (tantalum) simple substance, etc. Since control of a stacking 
tendency is attained, especially TiN is becoming important when bearing a role of 
a barrier metal when forming the metal gate of a laminated structure with W. 
[0018] said TiN and Ta - work function phiM ****** - since it has the value (the 
medium of EV near near the mid gap (mid gap) (i.e., EC of a silicon substrate 
(Bulk Si))) of 4.6 eV extent, nMOSFET and pMOSFET have the advantage of 
being easy to set up threshold voltage Vth near a desired aim, by using as a gate 
electrode. 

[0019] however, said work function phiM which was carried out ****** - jf a metal 
gate electrode with the value of 4.6 eV extent is used, when MOSFET of a long 
channel (what has channel length longer than the lower limit of a design rule) 
which has surface channel structure is formed, the threshold voltage Vth of 
MOSFET will become high as this generation's MOSFET. 
[0020] This is very inconvenient in a pole detailed CMOS device. In a pole 
detailed CMOS device, the scaling of the dimension of each part is carried out 
supposing reducing supply voltage, and it is because it is the requisite to also 
reduce threshold voltage Vth in connection with it. 

[0021] Supposing threshold voltage Vth must reduce supply voltage until now 
[ high ], it will separate from the scenario of resulting in reducing the current 
driving force (it being proportional to Vg-Vth) of MOSFET as a result, carrying out 
the scale down of the channel length, and high-performance-izing a component. 
[0022] Then, if MOSFET of a short channel (that whose channel length is lower 
limit extent of a design rule) which has surface channel structure is formed in 
order to reduce threshold voltage Vth, it will go into the field out of which the 
short channel effect that a threshold becomes extremely small comes strongly, 



and dispersion in a property will become large. 

[0023] Moreover, although it is possible to reduce the threshold voltage Vth of 
MOSFET of a long channel if MOSFET which has embedding channel structure 
is formed, DIBL of MOSFET of a short channel becomes large and a cut-off 
characteristic worsens. 

[0024] Therefore, when realizing only surface channel structure only with 
embedding channel structure like before as an MOSFET of the structure of a 
metal gate electrode, a low threshold required for detailed CMOS and sufficient 
short-proof channel effect property cannot be reconciled. 
[0025] In addition, there are some which realized low threshold voltage Vth by 
making nMOSFET into surface channel structure, embedding pMOSFET and 
considering as channel structure conventionally, as an MOSFET which has the 
metal gate electrode of phiM =4.6 eV. 
[0026] 

[Problem(s) to be Solved by the Invention] As described above, the CMOS 
transistor using the conventional metal gate electrode structure had the problem 
that it was difficult to reduce the threshold voltage of MOSFET of a short channel, 
without nMOSFET and pMOSFET reducing the threshold voltage of MOSFET of 
a long channel, and degrading the property of MOSFET of a short channel. 
[0027] It was made that this invention should solve the above-mentioned trouble, 
and the threshold voltage of MOSFET of a long channel is low realizable, and 
moreover, nMOSFET of the pole detailed CMOS transistor using metal gate 
electrode structure and pMOSFET aim at offering the semiconductor device 
which can realize threshold voltage of MOSFET low, and its manufacture 
approach, without degrading the property of MOSFET of a short channel. 
[0028] 

[Means for Solving the Problem] The source field of an insulated-gate mold 
electric field effect mold transistor where the semiconductor device of this 
invention was formed in the semi-conductor layer, a channel field, and a drain 
field, It is formed on the gate dielectric film formed on said channel field, and said 



gate dielectric film. If few It comes to form the insulated-gate mold electric field 
effect mold transistor of the n channel mold which possesses the metal gate 
electrode with which the metal which has the value of a work function near the 
band gap of silicon was used for the ** gate-dielectric-film side, respectively, and 
the insulated-gate mold electric field effect mold transistor of a p channel mold. 
The insulated-gate mold electric field effect mold transistor of said n channel 
mold and a p channel mold The 1st transistor of channel length shorter than 
predetermined channel length has a channel profile used as surface channel 
structure. The 2nd transistor of the 2nd channel length longer than the channel 
length of said 1st transistor is characterized by having a channel profile used as 
embedding channel structure. 

[0029] In this case, said 1st transistor is the thing of the short channel which is 
near whose channel length is lower limit extent of a design rule, and, specifically, 
said 2nd transistor is the thing of a long channel. 

[0030] Moreover, even if there are few said metal gate electrodes, the value of 
the work function of the metal by the side of gate dielectric film is 4.2eV - 5.0eV, 
and said metal gate electrode is formed or formed as a laminated structure of this 
simple substance metal and refractory metal with titanium and any one simple 
substance metal of the tantalum. 

[0031] Moreover, the process which the manufacture approach of the 
semiconductor device of this invention forms dummy gate dielectric film and the 
dummy gate on a semi-conductor layer with the impurity of the 1st conductivity 
type and the 2nd conductivity type, and forms a side-attachment-wall insulator 
layer in the side face of said dummy gate, The process at which the formation 
process order of said side-attachment-wall insulator layer or before form only in 
behind the impurity range which turns into the source of an MOS transistor, and a 
drain field at the surface section of said semi-conductor layer, Then, the process 
at which the insulator layer of a silicon oxidation membrane system is deposited 
on the whole surface on the semi-conductor layer containing said dummy gate 
and a side-attachment-wall insulator layer, and said dummy gate is exposed by 



chemical polish, The process which removes said exposed dummy gate, forms 
the 1st slot for gate formation of said 1st transistor, and the 2nd slot for gate 
formation of said 2nd transistor, and introduces a channel impurity into said semi- 
conductor layer of the lower part, Said dummy gate dummy gate dielectric film is 
removed before the process which introduces said channel impurity, or to the 
back. Into the substrate part which possesses the process which forms gate 
dielectric film after the process which introduces said channel impurity, and forms 
the metal gate further, and has said 1st conductivity type The ion implantation of 
the impurity of the same conductivity type as the 1st impurity is carried out to a 
substrate through said the 1st slot and 2nd slot from the include angle near it 
from a direction vertical to a substrate. The ion implantation of the ion kind of the 
1st impurity and a reverse conductivity type is carried out to a substrate through 
the 2nd slot from the include angle of the direction of slant so that a substrate 
may not be reached, if it lets said 1st slot pass. The ion implantation of the 2nd 
impurity and the impurity of the same conductivity type is carried out to a 
substrate through said the 1st slot and 2nd slot at a substrate part with the 2nd 
conductivity type from the include angle near it from a direction vertical to a 
substrate. It is characterized by carrying out the ion implantation of the ion kind of 
the 2nd impurity and a reverse conductivity type to a substrate through the 2nd 
slot from the include angle of the direction of slant so that a substrate may not be 
reached, if it lets said 1st slot pass. 
[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 

is explained to a detail with reference to a drawing. 

[0033] <Gestalt of operation of the 1st of semiconductor device> drawing 1 

shows the cross-section structure of CMOSFET currently formed in the 

semiconductor device concerning the gestalt of the 1st operation. 

[0034] p by which 1a was formed in the semi-conductor substrate in drawing 1 -- 

a well (well) - n by which a field and 1b were formed in the semi-conductor 

substrate - a well - a field and 7 are an object for CMOS field separation, and a 



component isolation region for separation between nMOS-pMOS. 
[0035] pMOSFET and nMOSFET possess the gate dielectric film 1 1 formed on 
the source field and the drain field 4 including the extension field 6 formed in the 
substrate surface section, respectively, and the channel field between the above- 
mentioned source field and drain field, and the metal gate electrode 12 formed 
on said gate dielectric film. 

[0036] In addition, the gate side-attachment-wall field which consists of a side- 
attachment-wall insulator layer by which 5 was formed in the side-attachment- 
wall section of the gate electrode of pMOSFET-nMOSFET, the 1st interlayer 
insulation film with which 8 was formed on the substrate, and 13 are the 2nd 
interlayer insulation film formed on said 1st interlayer insulation film 8 and the 
metal gate electrode 12. 

[0037] The 1st transistor of channel length shorter than channel length 
predetermined [ pMOSFET / (1) nMOSFET and ] in the description of the 
structure of this CMOSFET has a channel profile used as surface channel 
structure, and the transistor of the 2nd channel length longer than the channel 
length of said 1st transistor is having a channel profile used as embedding 
channel structure. 

[0038] Said 1st transistor is the thing of the short channel which is near whose 
channel length is lower limit extent of a design rule here, and said 2nd transistor 
is the thing of a long channel. 

[0039] In addition, even if there are few said metal gate electrodes 12, TiN is 
used for the gate-dielectric-film side by the about [ phiM =4.6eV ] metal, and this 
example, and the refractory metal (this example W) has accumulated on it. In 
addition, the metal gate electrode which may replace with W, and may use 
aluminum and consists of an about [ phiM =4.6eV ] metal simple substance (for 
example, Ta) may be used. 

[0040] The dotted line shows the relation between channel length L in the case of 
the continuous line showing the relation between channel length L of CMOSFET 
of drawing 1 , and a threshold Vth, and the relation and the conventional 



CMOSFET of channel length L and a threshold Vth in case the conventional 
CMOSFET is formed with surface channel structure for comparison embedding it, 
and being formed with channel structure into drawing 2 , and a threshold Vth, 
respectively. 

[0041] The transistor of the long channel which is formed with embedding 
channel structure according to CMOSFET of drawing 2 to this invention can set 
up a threshold sufficiently low, and the transistor of the short channel currently 
formed with surface channel structure is understood that it is possible to control 
the short channel effect to which a threshold becomes extremely small. 
[0042] That is, it is possible to realize the threshold Vth of the MOS transistor of a 
long channel low, nMOSFET of the pole detailed CMOS transistor using metal 
gate electrode structure and pMOSFET controlling the short channel effect of the 
MOS transistor of a short channel according to CMOSFET of this invention. 
[0043] <Gestalt of implementation of the 1st of manufacture approach of 
semiconductor device> drawing 3 thru/or drawing 9 show the cross-section 
structure in the main processes concerning an example of the manufacture 
approach of CMOSFET concerning the gestalt of the 1st operation shown in 
drawing 1 . 

[0044] first, it is shown in drawing 3 - as - the usual CMOS process - following - 

- a silicon substrate 1 - the component isolation region 7 and p - a well - a field 
1 -- a and n » a well - after forming field 1 b selectively, dummy gate dielectric 
film 2 is formed on a substrate front face, in addition, the component isolation 
region 7 LOCOS (selective oxidation) law and STI (shallow trench isolation) - 

- therefore, law etc. can be formed. 

[0045] Next, as shown in drawing 4 , the polish recon film is deposited on the 
thickness of 200nm the whole surface on dummy gate dielectric film 2, it is 
processed by lithography and RIE (reactive ion etching), and the dummy gate 
electrode field 3 of MOSFET is formed. This dummy gate electrode field 3 does 
not become the gate of MOSFET, and it is removed, before embedding the metal 
gate so that it may mention later (transposed to the metal gate). 



[0046] Although polish recon is used for the matter which forms the dummy gate 
electrode field 3 in consideration of next workability, it deposits on the upper part 
the ingredient which is capped further, for example, SiN etc., and you may make 
it give the role of the stopper at the time of performing CMP (chemical 
mechanical polishing) at a next process, and carrying out flattening of the 
interlayer film here. 

[0047] next, the thing which an ion implantation is performed in self aryne to said 
dummy gate electrode field 3, and is added like a necessary heat process -- p 
a well - a field 1 - a and n - a well - field 1b is alike, respectively and the 
shallow source drain field (extension field) 6 is formed. 
[0048] In case this shallow source drain field is formed, in a nMOS field, it is 
arsenic As+. An ion implantation is carried out with the acceleration voltage of 
10keV(s), and the dose of 4x1014cm-2, and it is fluoridation boron BF2+ in a 
pMOS field. After carrying out an ion implantation with the acceleration voltage of 
7keV(s), and the dose of 4x1014cm-2, the impurity which carried out the ion 
implantation is electrically activated by performing 800 degrees C and heat 
treatment for 10 seconds (annealing). 

[0049] Furthermore, in order to form the gate side-attachment-wall field 5, the 
silicon nitride SiN is deposited on the whole surface at the thickness of 70m, and 
a silicon nitride film 5 is made to remain on the side face of the dummy gate 
electrode field 3 by etching this by RIE (reactive ion etching). 
[0050] Next, an ion implantation is performed in self aryne to the gate side- 
attachment-wall field 5, RTA for activation of an impurity (rapid heating 
processing) is performed, and field 1a and the diffusion layer used as the deep 
source drain field 4 are formed in each of field 1b n well p well. 
[0051] the time of forming this deep source drain field 4 - a nMOS field - arsenic 
As+ - the acceleration voltage of 50keV(s), and the dose of 4x1015cm-2 - alike 

an ion implantation - carrying out - moreover - a pMOS field - fluoridation 
boron BF2+ After carrying out an ion implantation with the acceleration voltage of 
35keV(s), and the dose of 3.5x1 01 5cm-2, the impurity which carried out the ion 



implantation is electrically activated by performing 950 degrees C and annealing 
for 1 0 seconds. 

[0052] Furthermore, an interlayer insulation film (for example, BPSG film) 8 is 
deposited on the whole surface, in this case, LPCVD (reduced pressure vapor 
growth) with the sufficient homogeneity of CMP - the oxide film (for example, 
TEOS oxide film) formed of law may be deposited. 

[0053] Next, carry out flattening of the top face of an interlayer insulation film 8 by 
CMP, when the up front face of said dummy gate electrode field 3 is exposed, 
CMP is made to stop, and the condition of drawing 4 is acquired. When 
ingredients, such as SiN, appear as cap material on the polish recon of the 
dummy gate electrode field 3 on the occasion of this CMP, it is possible to make 
it into a stopper and to perform CMP. 

[0054] In addition, although the Salicide formation process which forms the 
silicide film in the source drain front face for attaining high performance-ization 
(reduction in resistance and reduction in ** of contact resistance) of a source 
drain field was skipped in the above-mentioned example for simplification of 
explanation when the gate side-attachment-wall field 5 was formed, the Salicide 
process may be applied like the conventional example. 
[0055] then, it is shown in drawing 5 - as - CDE (chemical dry etching) - the 
dummy gate electrode field (polish recon gate) 3 is selectively removed to an 
interlayer insulation film 8 by law. 

[0056] Then, before embedding a metal to slot 3b after the above-mentioned 
dummy gate electrode field clearance, lithography is used and a channel ion 
implantation is performed through slot 3b after dummy gate electrode field 
clearance. 

[0057] Under the present circumstances, as shown in drawing 5 , in order to form 
a nMOS transistor first, where the mask of the field 1a side is carried out by the 
resist 9 p well, the ion implantation of p mold impurity (In), for example, the 
indium, is carried out to 1b n wells with the acceleration voltage of 130keV(s), 
and the dose of 1x1013cm-2. By performing an ion implantation from a substrate, 



a perpendicular direction, or the direction that inclined about 7 degrees 
perpendicularly, for example at this time, also when narrow (it corresponds to the 
transistor of a short channel), and also when large (it corresponds to the 
transistor of a long channel), an ion implantation is performed for slot 3b after 
dummy gate electrode field clearance. 

[0058] Then, as shown in drawing 6 (a) and (b), the ion implantation of the 
arsenic (As) used as the counter impurity of an embedding channel is carried out 
with the dose of 5x1012cm-2 with the comparatively low acceleration voltage of 
15keV(s). At this time, an ion implantation is performed to 1b from across n wells 
to a substrate, at this time, it is shown in drawing 6 (b) - as - slot 3b after 
dummy gate electrode field clearance - case it is large - (it corresponds to the 
transistor of a long channel) n -- a well - although a counter ion implantation is 
performed to 1b, it is shown in drawing 6 (a) - as - slot 3b after dummy gate 
electrode field clearance - case it is narrow (it corresponds to the transistor of 
a short channel) n - a well a counter ion implantation is not performed to 1b. 
[0059] By such ion implantation, surface channel structure is acquired in the 
nMOS transistor section of a short channel, and embedding channel structure is 
acquired in the nMOS transistor section of a long channel. 
[0060] Next, said resist 9 is removed, and as shown in drawing 7 , in order to 
form a pMOS transistor, where the mask of the field 1 b side is carried out by the 
resist 10 n well, the ion implantation of n mold impurity (As), for example, the 
arsenic, is carried out to 1a p wells with the acceleration voltage of 100keV(s), 
and the dose of 1x1013cm-2. Slot 3a after dummy gate electrode field clearance 
is performed, and by performing an ion implantation from a substrate, a 
perpendicular direction, or the direction that inclined about 7 degrees 
perpendicularly, for example at this time, also when large [ (it corresponds to the 
transistor of a short channel), and ] (it corresponds to the transistor of a long 
channel), an ion implantation is performed for slot 3a after dummy gate electrode 
field clearance. 

[0061] Then, as shown in drawing 8 (a) and (b), the ion implantation of the boron 



(B) used as the counter impurity of an embedding channel is carried out with the 
dose of 5x1012cm-2 with the comparatively low acceleration voltage of 5keV(s). 
At this time, an ion implantation is performed to 1a from across p wells to a 
substrate. At this time, as shown in drawing 8 (b), in the transistor section of a 
long channel, a counter ion implantation is performed to 1a p wells, but as shown 
in drawing 8 (a), in the transistor section of a short channel, a counter ion 
implantation is not performed to 1a p wells. 

[0062] By such ion implantation, surface channel structure is acquired in the 
pMOS transistor section of a short channel, and embedding channel structure is 
acquired in the pMOS transistor section of a long channel. 
[0063] then, in order to remove said resist 10 and to activate a channel impurity, 
after it performs 750 degrees C and heat treatment for 10 seconds and rare 
hydrofluoric acid treatment removes the dummy gate dielectric film 2 under said 
dummy gate electrode field removed as carried out, it is shown in drawing 9 (a) 
and (b) - as - a substrate front face - thermal oxidation or chemical vapor 
deposition (CVD) - gate dielectric film 1 1 is formed by law. In addition, clearance 
of the above-mentioned dummy gate dielectric film 2 may be carried out to 
clearance and coincidence of said dummy gate electrode field 3. 
[0064] Here, an oxide-film system, an oxidation nitride system, a nitride system, 
or other high dielectric insulator layers are sufficient as the above-mentioned 
gate dielectric film 1 1 . That is, you may be the silicon oxide not only containing 
pure silicon oxide but nitrogen, high dielectric thin films, such as tantalum 
pentoxide and a titanium dioxide, are sufficient, and you may be a cascade 
screen with these high dielectric thin films or silicon oxide, and even when the 
generation of a device replaces and effectual thickness is made thin, it can 
choose according to the object. 

[0065] Next, as a metal for gate electrodes, titanium nitride (TiN) 12a is deposited 
on the thickness of 5nm, (Tungsten W) 12b is deposited on the thickness of 
200nm, and flattening is carried out by Metal CMP so that the metal gate 
electrode 12 may be left that is, embedded in slot 3a and 3b only in slot 3a after 



removing said dummy gate electrode field and dummy gate dielectric film, and 3b. 
[0066] Under the present circumstances, as shown in drawing 9 (a), in the MOS 
transistor section of a short channel, a counter impurity is not contained in a 
channel part, but it has surface channel structure also with nMOS and pMOS. On 
the other hand, as shown in drawing 9 (b), in the transistor section of a long 
channel, the counter impurity is contained in the channel part and it has 
embedding channel structure also with nMOS and pMOS. 
[0067] Then, an interlayer insulation film (the inside of drawing 1,13) is ****(ed) 
using the insulator layer of BPSG (boron Lynn silicate glass) or a plasma-CVD 
system etc. And metal wiring (not shown) which forms a contact hole (not shown) 
in the above-mentioned layer insulation membrane layer, and contacts said metal 
gate electrode 12 is formed. 

[0068] That is, nMOSFET of the CMOS transistor using metal gate electrode 
structure and pMOSFET can realize the CMOS transistor to which the transistor 
of embedding channel structure and a short channel can be formed as surface 
channel structure, and the transistor of a long channel has highly efficient metal 
gate electrode structure for cost lifting in ************ f without the manufacture 
approach of the CMOS transistor concerning the gestalt of the 1st operation 
using a special process, as described above. 
[0069] 

[Effect of the Invention] As mentioned above, the transistor of a long channel can 
set up a threshold sufficiently low by realizing with embedding channel structure, 
and nMOSFET of the pole detailed CMOS transistor using metal gate electrode 
structure according to the semiconductor device of this invention and pMOSFET 
can control the short channel effect to which a threshold becomes extremely 
small by realizing the transistor of a short channel with surface channel structure. 
[0070] Moreover, according to the manufacture approach of the semiconductor 
device of this invention, the semiconductor device of this invention can be 
realized for cost lifting to ************ t without using a special process. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the structure of CMOSFET currently 
formed in the semiconductor device concerning the gestalt of operation of the 1st 
of this invention. 

[Drawing 2] Property drawing showing the short channel effect of CMOSFET 
shown in drawing 1 as contrasted with the short channel effect of CMOSFET of 
the conventional example. 

[Drawing 3] The sectional view showing a part of main processes concerning an 
example of the manufacture approach concerning the gestalt of operation of the 
1st of CMOSFET shown in drawing 1 . 

[Drawing 4] The sectional view showing the process following the process of 
drawing 3 . 

[Drawing 5] The sectional view showing the process following the process of 
drawing 4 . 

[Drawing 6] The sectional view showing the process following the process of 
drawing 5 . 

[Drawing 7] The sectional view showing the process following the process of 
drawing 6 . 



[Drawing 8] The sectional view showing the process following the process of 
drawing 7 . 

[Drawing 9] The sectional view showing the process following the process of 
drawing 8 . 

[Description of Notations] 
It is a well 1 a~p, 
It is a well 1 b--n, 

2 - Dummy gate dielectric film, 

3 - Dummy gate electrode field, 

4 - Source drain electrode field, 

5 - Gate side-attachment-wall field, 

6 - Extension field, 

7 - Component isolation region, 

8 - Interlayer insulation film, 

1 1 - Gate dielectric film 

12 - Metal gate electrode. 
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